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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide an optical semiconductor 
device having a 

photodiode which reduces reflection of incident light and has 
its sensitivity 
improved . 

SOLUTION: An SiN film 7 as anti-reflective coating is 
provided between an 

N-type epitaxial layer 2 in a photodiode forming region 10 and 
an 

SinO<SB>2</SB> film 17 located above the N-type epitaxial layer 
2. This SiN 

film 7 has a refractive index (about 2.0) which is an 
intermediate value 

between the refractive index (about 3.4) of the epitaxial layer 
2 and the 

refractive index (about 1.45) of the SiO<SB>2</SB> film 17. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the optical semiconductor 
device which has the photodiode which prevented reflection of the light in plane of incidence, if it says 
in more detail about an optical semiconductor device, recent years, and DVD (Digital Video Disk) and 
CD (Compact Disk) — the need of a photodiode and the optical semiconductor device which integrated 
the circumference circuit on the same semiconductor substrate is increasing as a sensing element used 
for the photodetection sections, such as ROM and MD (Mini Disk), etc., and the further improvement in 
the sensitivity of the photodiode used as these photo detectors has been required. 
[0002] 

[Description of the Prior Art] Unlike what formed the photo detector and the circumference circuit 
separately, and hybrid-IC-ized them, the optical semiconductor device which integrated a photodiode 
and its circumference circuit to the same semiconductor substrate can expect a cost cut, and has the 
advantage of being strong, to the noise by external electromagnetic field while it is a small light weight. 
[0003] As this kind of an optical semiconductor device, the structure indicated by JP,4-245478,A, for 
example is well-known. That is, as shown in drawing 9 , on a P type silicon substrate (31), it is N. - The 
mold epitaxial layer (32) is formed by the thickness which is 10-12 micrometers. This epitaxial layer 
(32) is divided into two or more element fields, such as a photodiode formation field (30) and an NPN 
transistor formation field (40), by the element isolation region (35). In addition, an element isolation 
region (35) is constituted by the bottom diffusion layer (33) which the epitaxial layer (32) was made to 
diffuse a P type impurity, and was formed in it from the substrate (3 1), and the diffusion layer (33) after 
diffusing the P type impurity and forming from the surface of an epitaxial layer (32). 
[0004] It sets to a photodiode formation field (30), and is N+ to the surface of an epitaxial layer (32). 
The mold diffusion field (36) is formed. N+ which introduced and formed antimony (Sb) between the 
substrate (31) and the epitaxial layer (32) in the NPN transistor formation field (40) The mold 
embedding layer (41) is prepared. Moreover, on the embedding layer (41), the N type collector field (43) 
which consists of an epitaxial layer is formed. In the surface of this N type collector field (43), it is N+. 
The mold contact field (44) and the P type base region (45) are isolated and formed mutually. And in the 
surface of a P type base region (45), it is N+. The mold emitter region (46) is formed. 
[0005] In the whole surface on an epitaxial layer (32), it is Si02. The film (38) is formed and it is N+. A 
mold diffusion field (36) and N+ A mold contact field (44), a P type base region (45), and N+ A mold 
emitter region (46) is Si02, respectively. It connects with the electrode (48) electrically through the 
contact hole formed in the film (38). Moreover, Si02 The film (38) top is covered with the package 
resin layer (49) of an epoxy system. 

[0006] Thus, an electrode (48) is minded in the semiconductor device which has the constituted 
photodiode, and they are a substrate (31) and N+. Reverse voltage is impressed between mold diffusion 
fields (36). the hole which generates by this the light which reached the epitaxial layer in this condition 
will flow to a substrate side (or the light which reached the substrate (31) generates an electron - 
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making), and it will be detected as a light. 
[0007] 

[Problem(s) to be Solved by the Invention] However, especially the conventional optical semiconductor 
device mentioned above is Si02. A film (38) and N+ The reflection factor of the light in an interface 
with a mold diffusion field (36) is comparatively high, and since there is little quantity of light which 
carries out incidence to a substrate or an epitaxial layer, there is a trouble that sensitivity is low. 
Hereafter, the trouble is further explained to details. 

[0008] A part of light which carries out incidence to a photodiode as shown in drawing 10 is a package 
resin layer (49) and Si02. An interface with a film (38), and Si02 It is reflected by the interface of a 
film (38) and an epitaxial layer (32). Supposing it does not consider the effect of thickness, and the 
effect of a multiple echo in the case of the vertical incidence of light, it is a refractive index nl. The 
layer and refractive index n2 of material The reflection factor R in an interface with the layer of material 
is given with the following formula 1. 
(Formula 1) 

R= {(n2-nl)/(n2+nl)} 2x100 (%) 

In the case of the usual photodiode, the refractive index of a package resin layer (49) is about 1.55 Si02. 
Since a membranous (38) refractive index is about 3.4, the refractive index of about 1.45 epitaxial layer 
(32) A package resin layer (49) and Si02 The reflection factor R01 in an interface with a film (38) is 
[ about 0. 1% and ] Si02 although it is small. The reflection factor in the interface of a film (38) and an 
epitaxial layer (32) is as large as about 16.2%. For this reason, in the conventional photodiode, the 
amount of the light which reaches a depletion layer is not enough, and sensitivity is low. 
[0009] 

[Means for Solving the Problem] So that this invention might be accomplished in view of the above- 
mentioned conventional defect and may be illustrated to drawing 1 A 1 conductivity -type semiconductor 
substrate and a reverse conductivity -type semiconductor layer formed on this semiconductor substrate, 
An antireflection film formed on this reverse conductivity-type semiconductor layer, and an insulator 
layer formed on this antireflection film, It has a photodiode constituted by package resin layer formed on 
this insulator layer. Said antireflection film With an optical semiconductor device characterized by being 
formed with a material which has a refractive index between a refractive index of said insulator layer, 
and a refractive index of said reverse conductivity-type semiconductor layer, reflection in respect of 
light-receiving of a photodiode is reduced, and it aims at aiming at improvement in sensitivity. 
[0010] 

[Embodiment of the Invention] The optical semiconductor device applied to the gestalt of operation of 
this invention below is explained referring to a drawing. 

(1st operation gestalt) Drawing 1 is the cross section showing the structure of the optical semiconductor 
device equipped with the photodiode concerning the 1st operation gestalt of this invention. 
[001 1] The N type epitaxial layer (2) is formed on the P type silicon substrate (1). This epitaxial layer 
(2) is separated into two or more element fields, such as a photodiode formation field (10) and an NPN 
transistor formation field (20), from the surface of an epitaxial layer (2) by the element isolation region 
(5) which reaches a substrate (1). In addition, an element isolation region (5) introduces a P type 
impurity on the surface of a substrate (1), and is constituted by the bottom diffusion layer (3) which was 
made to diffuse this impurity up and formed it, and the diffusion layer (4) after introducing the P type 
impurity into the surface of an epitaxial layer (2), diffusing this impurity caudad and forming. 
[0012] It sets to a photodiode formation field (10) among the element fields separated by the element 
isolation region (5), and is N+ to the surface of an epitaxial layer (2). The mold diffusion field (6) is 
formed. On the other hand, it sets to an NPN transistor formation field (20), and is N+ between a 
substrate (1) and an epitaxial layer (2). The mold embedding layer (1 1) is prepared. Moreover, in the 
surface of the epitaxial layer (2) on an embedding layer (1 1), it is N+. The mold contact field (13) and 
the P type base region (12) are isolated and formed mutually. And in the surface of a P type base region 
(12), it is N+. The mold emitter region (14) is formed. 

[0013] In the whole surface on an epitaxial layer (2), it is 1st Si02. The film (16) is formed. This 1st 
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Si02 The opening of the film (16) is carried out on the photodiode formation field (10), and as it 
extends a little on Si02 film (16) from on an epitaxial layer (2), the SiN film (antireflection film) (7) is 

formed in a par tfor that openin g. < ^ ^ 

l0M4TMoreoverTlsrSiO (16) and a SiN film (7), it is 2nd Si02. The film (17) is formed. 

And N+ The element isolation region (5) and N+ which adjoin a mold diffusion field (6) and a 
photodiode formation field (10) A mold contact field (13), a P type base region (12), and an N type 
emitter region (14) are 1st and 2nd SiO(s)2. It connects with the electrode (15) electrically through the 
contact hole which penetrates a film (16) and (17), respectively. 

[0015] ABcLSi£ )2 jThe fi lm (9) topis^ov ered in the package resin layer (18) of an epoxy system . Thus, 
in the optical semiconductor device orthiTconstituted operation gestalt, if reverse voltage is impressed 
between the substrate (1) of a photodiode formation field (10), and an epitaxial layer (2) through an 
electrode (15), a depletion layer will spread between a substrate (1) and an epitaxial layer (2). When 
light reaches this depletion layer, an electron and an electron hole pair are formed and they are a 
substrate (1) and N+. Current flows between mold diffusion fields (6). This current is amplified by the 
NPN transistor formed in the element field contiguous to a photodiode formation field (10), and it 
transmits to a latter circuit 

[0016] At this time, as shown in drawing 2 , a part of incident light is a package re sin lay er (18) ^and 
Si02. An interface with a film (17), and Si02 It is reflected by the interface of a fitmXT7) ancTa SiN 
film (7), and the interface of a SiN film (7) and an epitaxial layer (2). JjUhjs^asMh^^ 
a packag e resmj ayer (18) is aboutJ _ 1 55^SiQ2. Since a membranous (17) refractive index is about 3.4, the 
refractive indexot about 1.45 andTSiNfilm (7) the refractive index of about 2.0 epitaxial layer (2) By 
said formula 1 they are pac kage resin(18)jndSiO^ reflection factor R01 in an interface with a 
film (17) Abouf0l%, SiOTTfiThTrefTec^ the interface of a film (17) and a SiN film (7), 

^eflecti^nfactor R23 becomes about 6.7% by the interface of a SiN film (7) and an epitaxial layer (2) 
about 2.5%T^ — 

[0017] That is, it sets in this gestalt and they are an epitaxial layer (2) and Si02. Since the SiN film (7) 
which has a refractive index between the both was made to intervene between films (17), the whole 
reflection factor can be reduced. The amount of the light which reaches a depletion layer increases by 
this, and the sensitivity of a photodiode improves. Hereafter, the manufacture method of an optical 
semiconductor device of having an above-mentioned photodiode is explained. First, as shown in 
drawing 3 , the ion implantation of the antimony (Sb) with which the mask (not shown) by which the 
opening was carried out is formed, and the portion corresponding to an embedding layer (11) formation 
schedule field embeds on the surface of a substrate (1) through the opening of this mask, and forms a 
layer (1 1) on a P type silicon substrate (1) is carried out. Then, after removing said mask, the portion 
corresponding to a bottom diffusion layer (3) forms the mask (not shown) by which the opening was 
carried out on a substrate (1). And the boron (B) which forms a bottom diffusion layer (3) on the surface 
of a substrate (1) through the opening of this mask is introduced. Then, said mask is removed. 
[0018] Next, as shown in drawing 4 , an N type epitaxial layer (2) is formed on a substrate (1) at the 
thickness of 10-12 micrometers. At this time, the impurity introduced into the substrate (1) at the before 
production process is spread in an epitaxial layer (2), and each impurity range is expanded. Next, this 
impurity is diffused after introducing a P type impurity into an epitaxial layer (2) surface top diffusion 
layer (4) formation schedule field and a base region (12) formation schedule field alternatively, as 
shown in drawing 5 . A top diffusion layer (4) and a bottom diffusion layer (3) are made to connect by 
this diffusion, and an element isolation region (5) is formed. 

[0019] Then, as shown in drawing 6 , it is N+ of the surface of an epitaxial layer (2). A mold diffusion 
field (6) formation schedule field and N+ The impurity is diffused after introducing an N type impurity 
into a mold contact field (13) formation schedule field and an emitter region (14) formation schedule 
field. Next, it is Si02 on an epitaxial layer (2). It is Si02 on a photodiode formation field (10) by the 
photolithography method after forming a film (16). The opening of the film (16) is carried out and a SiN 
film (7) is formed on the epitaxial layer for this opening (2). [ at this time, for example, other fields, ], 
when forming the SiN film which acts as a dielectric of a capacitative element, the increment in a 
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routing counter can be avoided by forming that SiN film and the SiN film (17) of a photodiode 
formation field (10) in coincidence. 

[0020] Subsequently, as shown in drawing 1 , it is Si02 to the whole surface. This Si02 after forming a 
film (17) A contact hole is formed in a film (17), this contact hole is minded, and it is N+. The electrode 
15 linked to a mold diffusion field (6), a contact field (13), a base region (12), an emitter region (14), 
and an element isolation region (5) is formed. Then, a package resin layer (18) is formed in the whole 
surface. Thereby, manufacture of the optical semiconductor device of this operation gestalt is completed. 

[0021] In addition, in above-mentioned explanation, although the case where a photodiode was 
integrated with a bipolar transistor was explained, it is also possible for this invention not to be limited 
to this, and to integrate a photodiode with an MOS transistor or to integrate with BiCMOS. 
(2nd operation gestalt) Drawing 7 and 8 are the cross sections and plans showing the photodiode section 
of the optical semiconductor device concerning the 2nd operation gestalt of this invention. 
[0022] The N type epitaxial layer (2) is formed on the P type silicon substrate (1), and the SiN film (27) 
is arranged in the shape of a stripe also as Si02 film (16) and an antireflection film on the surface of the 
epitaxial layer (2) of a photodiode formation field. In addition, a SiN film (27) is Si02 from the surface 
of an epitaxial layer (2). On the film (16), it extends a little, and as it takes out, it is formed. Moreover, 
in the field between each SiN film (27) of the surface of an epitaxial layer (2), it is N+. The mold 
diffusion field (26) is formed. Moreover, Si02 On a film (16) and a SiN film (27), it is Si02. The film 
(17) is formed. And this Si02 The layer (17) top is covered with the package resin layer (17). In 
addition, N+ A mold diffusion field (26) is Si02. It connects with the electrode (not shown) electrically 
through the contact hole alternatively formed in a film (16) and (17). 

[0023] By the way, Si02 The reflection factor of the light in the interface of a film (17) and a SiN film 
(27) is Si02. It is related to membranous (17) thickness. It is Si02 when wavelength of the light which 
carries out incidence to a photodiode is set to lambda. It is Si02 in order to make small dispersion in the 
reflection factor by membranous (17) thickness. Necessity has controlled membranous (17) thickness by 
lambda/4 or less precision. However, Si02 It is very difficult to control membranous (17) thickness by 
such precision. 

[0024] It sets in this gestalt and is N+. It is Si02, as the SiN film (27) is formed in the shape of a stripe 
on the mold diffusion field (6) and it is shown in drawing 7 . Irregularity is formed on the surface of a 
film (17). That is, on each SiN film (27), it is Si02. The portion with membranous (17) thick thickness 
and the thin portion are continuing. Therefore, in this gestalt, a portion with a small reflection factor 
surely exists on each SiN film (27). Thereby, dispersion in the sensitivity of a photodiode can be 
controlled and equalization of quality can be attained. Moreover, it sets in this operation gestalt as well 
as the 1st operation gestalt, and they are an epitaxial layer (2) and Si02. Since the SiN film (27) which 
has a refractive index between both is made to intervene between films (17), a photodiode with good 
sensitivity is obtained. 

[0025] In addition, the photodiode of this operation gestalt as well as the 1st operation gestalt can be 
integrated to the same semiconductor substrate with a bipolar transistor or an MOS transistor. 
[0026] 

[Effect of the Invention] Since the antireflection film which consists of a material which has a refractive 
index between the refractive index of said reverse conductivity-type semiconductor layer and the 
refractive index of said insulator layer intervenes between the reverse conductivity-type semiconductor 
layer formed on the 1 conductivity-type semiconductor substrate, and the insulator layer on this reverse 
conductivity-type semiconductor layer according to the optical semiconductor device concerning this 
invention as explained above, the reflection factor of incident light can be reduced. The amount of the 
light which reaches the depletion layer of a photodiode increases by this, and the sensitivity of a 
photodiode improves. 

[0027] Moreover, by forming said antireflection film in the shape of a stripe, dispersion in the sensitivity 
resulting from dispersion in the thickness of an insulator layer can be controlled, and the effect that 
equalization of quality can be attained is done so. 
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[Translation done.] 
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